ABSTRACT. The authors examine whether high personal discount rates help explain why and which households in developing countries under-invest in seemingly low-cost options to avert environmental health threats, including bednets, clean cooking fuels, individual household latrines, water treatment and handwashing. First, the authors elicit personal discount rates by combining a simple randomized experiment with detailed surveys of over 10,000 rural households in Maharashtra, India. Personal discount rates
2005), and ('cool') behaviors whose benefits manifest only after many years, such as healthy diet and exercise (Hall and Fong, 2007) . The discount rate is the conventional measure of how individuals weigh the utility of outcomes that occur at different times. It reflects time preference or impatience (preference for current over future utility), expected changes in the marginal utility of consumption, access to credit, and alternative investment opportunities (Pender, 1996) . However, it is not observable and presents a challenge for measurement. The most common approach has been to pose either hypothetical or incentivized choices between monetary payments at different points in time. This approach has been applied frequently in the lab, especially with students in developed countries, and less frequently in the field (e.g., Harrison et al., 2002; Eckel et al., 2004) . Carpenter et al. (2005) discuss the benefits and challenges of posing questions in the field. For example, field experiments that offer payments in future years clearly depend on the credibility of the research team, which may vary across respondents (Cardenas and Carpenter, 2008) . Partly for this reason, many field applications have involved hypothetical time tradeoff questions posed in household surveys. A small but increasing number of these are in developing countries. Examples include: Poulos and Whittington (2000) , who asked about lives saved now vs. 2-10 years into the future; Kirby et al. (2002) , who posed the question in terms of candies now vs. 7-157 days later; Anderson et al. (2004) , who asked about debt repayment 1 day-1 year from now; and Botelho et al. (2006) , who asked about smaller monetary payments now vs. larger monetary payments in 1-25 months.
In the next section of this paper, we review the literature to reconfirm the knowledge gap and present a simple conceptual framework. In section 2, we explain our strategy for estimating discount rates from a randomized choice experiment with approximately 10,000 households from approximately 250 villages in Maharashtra, India (Pattanayak et al., 2010) . The choice experiment presented randomized time tradeoff questions to households as part of a survey that also elicited information on socio-economic and demographic characteristics, and environmental health behaviors. This allows us to model responses to the time tradeoff questions as a function of factors expected to influence the personal discount rate: credit access, socio-economic status, and intrinsic biological characteristics that have been found related to time preferences, i.e., sex and age. We then model the relationships between environmental health behaviors and the estimated personal discount rate, controlling for relevant covariates. In the online appendix, available at http://doi.org/10.1017/S1355770X17000018, we show that the estimation results for environmental health behaviors are qualitatively similar if we model them as a function of an estimated rate of time preference, that is, if we include only sex and age in the first stage of the model. In the concluding section, we briefly summarize and discuss some policy implications.
Literature review
The rate of time preference describes the rate at which the utility of a good dissipates solely from delaying consumption, or impatience. Time preferences have been shown to vary with age and sex (e.g., Rogers, 1994; Anderson et al., 2004; Rubalcava et al., 2009; Tanaka et al., 2010) . However, the rate at which individuals discount future outcomes also depends on their access to credit, expected changes in the marginal utility of consumption, and the opportunity cost of alternative investments. Future outcomes are 'discounted', i.e., have less value, compared to the same outcomes enjoyed now (Samuelson, 1937) . Hence, individuals who have lower discount rates should be more likely to invest in future-oriented outcomes, such as environmental health behaviors. The personal discount rate has been tested as a determinant of a range of behaviors involving intertemporal tradeoffs such as savings (Ashraf et al., 2006) , debt (Meier and Sprenger, 2010) , credit scores (Arya et al., 2013) , gambling (Dixon et al., 2003) , crime (Nagin and Pogarsky, 2004) , investment in children (Agee and Crocker, 2000) , and participation in unhealthy behaviors (Lawless et al., 2013; Story et al., 2014) . This includes a small but growing number of studies in developing countries (Lumley, 1997; Godoy et al., 1998; Nielsen, 2001; Yesuf, 2004; Bauer and Chytilová, 2010; Bauer et al., 2012; Liebenehm and Waibel, 2014; Rieger, 2015; Nguyen et al., 2016) . Chabris et al. (2008) found that, in comparison to the other variables used in their study, the discount rate has the most explanatory power for modelling behaviors that involve intertemporal tradeoffs. However, this still needs field testing with samples drawn from different countries and cultures (Henrich et al., 2010) . In particular, there are differences between developed and developing countries. Discount rates tend to be higher in developing countries (Poulos and Whittington, 2000) , and characteristics such as sex and age have different explanatory power (Anderson and Gugerty, 2009 ). The key public health issues also differ, with the populations of developing countries being much more affected by environmental health concerns related to sanitation, drinking water, indoor air quality and vector-borne diseases.
Many studies in developed countries have sought to understand how addictive and risky behaviors are related to discount rates. In contrast to environmental health behaviors, these unhealthy behaviors have present benefits with future costs (e.g., Hall and Fong, 2007) . High discount rates have often been found to be positively related with unhealthy behaviors such as substance abuse (Vuchinich and Simpson, 1998; Kirby and Petry, 2004) , risky sexual behavior (Chesson et al., 2006) , and smoking (Fong and Hall, 2003; Khwaja et al., 2006; Scharff and Viscusi, 2011) . In comparison, relatively fewer studies have empirically confirmed relationships between discount rates and preventive behaviors such as cancer screening tests (Orbell et al., 2004; Picone et al., 2004; Levy et al., 2006; Bradford, 2010) . Chapman (2005) proposes that personal discount rates are related to addictive behaviors (e.g., smoking) but not to disease prevention behaviors (e.g., vaccination). This domain specificity in the influence of discount rates could be related to the relative temptation of different domains (e.g., consumption of alcohol) to the individual (Tsukayama and Duckworth, 2010) . While most studies focus on adults, discount rates have also been found to be related to addictive behaviors and savings among adolescents (Sutter et al., 2013) .
Conceptual framework
To model environmental health behaviors, consider a person who maximizes the utility from health (H ) and a bundle of other goods and services (X ) constrained by full income, in the current (X 0 ) and future (X 1 ) periods. Health in the present (H 0 ) and a set of personal-, household-and community-level characteristics (Z y ), including local environmental quality, are given. Health in the future (H 1 ) is a function of those characteristics and public services (Z y ) and preventive actions X H,0 taken in the present at price p H . Investing in environmental health reduces current utility (V 0 ) by reducing consumption of other goods X 0 , but increases future utility (V 1 ) by increasing future health (H 1 ). The present value of future utility (V 1 ) is discounted by a factor (δ) that is a function of the personal discount rate (ρ), which in turn is determined by intrinsic characteristics such as sex and age, and economic conditions such as socio-economic status and access to credit (Z ρ ). The most common functional form for δ is constant exponential discounting: δ = e −ρ.t , where ρ is a constant discount rate. The utility function in both periods is:
and the first-order conditions for utility maximization yield
First-order conditions (2) show that households set the marginal value of reduced consumption in the current period equal to the discounted marginal value of increased health in the future. Decisions about environmental health behaviors therefore depend on their current cost, their marginal productivity in terms of future health, the marginal utilities of consumption of goods and services in the present vs. health in the future, and personal discount rates. All of these factors are influenced by exogenous characteristics, Z y . At the time decisions about behaviors are made, the future utility function is unknown. Thus, it is really expectations about the future marginal utility of health and marginal productivity of the behavior that matter. This suggests that choices about investing in environmental health behaviors are likely to depend on beliefs about disease prevention, access to information, the income constraint and public services (which either complement or substitute for private environmental health behaviors), as well as personal discount rates.
While the notion of discount rates that are stable across different time periods and different goods has been contested (e.g., Meerding et al., 2010) , it is implicit in most economic analysis (Frederick et al., 2002) . In this paper, we maintain the assumption of constant exponential rate discounting as a straightforward way to summarize the factors driving responses to monetary tradeoff questions. Since personal discount rates (ρ) are inversely related with the discounting function δ, individuals with higher discount rates are expected to invest less in goods related to their future welfare, of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1355770X17000018 such as environmental health behaviors, compared to those with lower discount rates. People may have higher discount rates because they cannot borrow to finance investments in the future, because they expect to have higher income and therefore lower marginal utility of consumption in the future, because they have good alternative investment opportunities, or simply because they place higher value on current utility relative to future utility (i.e., they are impatient). All of these factors are reflected in the personal discount rate (ρ).
The literature suggests that personal discount rates vary as a function of factors (Z ρ ) including demographics, education, economic status and access to credit. Factors that influence time preferences (or impatience) include age and sex (e.g., Anderson et al., 2004; Rubalcava et al., 2009; Bauer and Chytilová, 2010; Tanaka et al., 2010) , and education (Holden et al., 1998; Kirby et al., 2002; Botelho et al., 2006) . The theory of endogenous time preferences (Becker and Mulligan, 1997) suggests, and Kirby et al. (2002) confirm, a nonlinear relationship between age and discount rates. Personal discount rates are also influenced by socio-economic status and credit access, partly because of associated differences in the marginal utility of consumption and opportunity cost of time (Pender, 1996; Poulos and Whittington, 2000) .
While we conceptualize responses to the time tradeoff questions as a function of personal discount rates, as a robustness check we also model those responses as a function of just the subset of intrinsic personal characteristics that have been found to be related to time preferences, specifically sex and age. We then compare estimation results for models of environmental health behaviors as a function of personal discount rates and as a function of personal time preferences, controlling for the same set of covariates.
Methods

Data
The data are from a study of water and sanitation programs, including environmental health behaviors, by the World Bank and Research Triangle Institute in rural Maharashtra, India (World Bank, 2008) . A key part of the study was a large 2005 survey of over 10,000 households from approximately 250 villages in four districts of Maharashtra, representing a range of eco-climatic zones. The villages were sampled from districts where the state government, with financial support (soft loan) from the World Bank, planned to implement water and sanitation programs. Approximately 50 households were sampled from each study village. Because of concern about environmental health outcomes for children, the survey screened for and included only households with at least one child under the age of five and interviewed only adults familiar with the care and wellbeing of the children in the household. Thus, the sample was not intended to be representative of the population. In comparison to the general population, our respondents are predominantly primary caregivers of the young children, i.e., mostly women of childbearing age. Nonetheless, our sample of households is typical of the rural Indian population, with large families, many young children, and low rates of education and literacy. 1 Further details of the study and sampling protocol can be found in .
The survey questionnaire drew on the Living Standards Measurement Surveys, modified by study investigators for the rural Indian context over the course of several related studies and developed through extensive focus groups and pre-testing. The survey was implemented by a team from TNS International (an international survey firm), with supervision by study investigators. TNS field staff were not involved in any of the government's programmatic activities or in any of the scientific analysis plans or reporting. Thus, any measurement errors in data collection should be classical and not related to the outcomes studied in this paper. The survey questions focused on sociodemographic, economic and environmental health behaviors, including the dependent variables (i.e., the environmental health behaviors) used in our analysis. The module that elicited personal discount rates is described in detail in section 2.2.
Summary statistics for variables representing the determinants of the personal discount rate, Z ρ , as well as their expected correlation with the discount rate are presented in table A1 of the online appendix. As suggested by the conceptual framework, we contend that 'purer' biological variables such as age and sex are correlated with time preferences, whereas socio-economic status and credit are also correlated with discount rates. We measure socio-economic status by the percentage of household budget spent on staple food and the first principal component of the quality of housing (materials and number of rooms), presence of an electricity connection, indicator for whether they own the land, and the weighted sum of livestock (cf., Filmer and Pritchett, 2001; Jalan et al., 2009 ). Credit access is characterized by the response to a survey question: can the respondent borrow Rs. 5,000 (approximately US$100) from formal lending institutions? Over 70 per cent of respondents say that they can do their own household accounts, reflecting a high level of numeracy that is likely to have helped them understand the time tradeoff questions, and that may itself be inversely related to discount rates.
Summary statistics for the environmental health behaviors being estimated (X H,0 ) and their determinants (Z H ) are presented in online appendix table A2 Determinants include: (i) education and literacy, which affect access to and understanding of health information; (ii) socio-economic status and credit access; and (iii) current economic condition, represented by total monthly expenditures and whether or not they have suffered a recent crisis, which affects the affordability of environmental health behaviors. In addition, we control for concern about disease in the village and access to public infrastructure and services, as measured by minutes required to walk from home to health clinic and to village center. Because the household survey focused on water supply, we have additional covariates describing household access to water and perceptions regarding waterborne diseases, such as whether diarrhea is preventable.
To assess whether personal discount rates influence household actions to prevent the most common environmental health problems (water-borne and washed diseases, respiratory tract infections and malaria), we estimate five behavioral models of the probability that households: (i) treat their water; (ii) wash hands before eating and after defecation; (iii) have a private household latrine; (iv) cook with clean fuels such as LPG; and (v) have a bednet. Diarrhea is mainly spread through fecal-oral contact, and thus the first three behaviors are key to its prevention (Fewtrell et al., 2005; Cairncross and Valdmani, 2006) . In our study area, water treatment methods include boiling, straining, mixing in coagulants (e.g., alum or potash tablets that coagulate solid particles to decrease turbidity) or disinfectants (bleach/chlorine), or a combination of these methods. Most respondents report washing their hands either before eating or after defecation, but only 44 per cent wash at both times. About 12 per cent of households have and use their own pit latrines, with the rest engaging in open defecation. Globally, around 4.3 million deaths are attributed to household air pollution, primarily associated with emissions from traditional (solid biomass) cookstoves. Only 11 per cent of surveyed households use LPG or biogas ('clean fuels'). Malaria is another major cause of mortality and morbidity in India, with 24 million cases per year according to the WHO. There has been substantial progress in combatting malaria around the globe, largely due to campaigns to promote household use of bednets. Among surveyed households, 21 per cent report that they own and use a bednet.
Discount rate elicitation
Following the 'choice task method' (Cardenas and Carpenter, 2008) , respondents were asked a series of five hypothetical questions about their preferred timing for a gift of money, or 'payment'. The question was introduced as follows: 'We are trying to understand how individuals in this village make decisions when faced with a choice between an outcome in the near future compared to an outcome in the distant future. Suppose that someone offers you a gift of some money.' In each question, there are three possible answers: (a) smaller sooner (SS), (b) larger later (LL), or (c) Uncertain. For example:
If you select option A, you will receive a payment of Rs. 1,000 now. If you select Option B, then you will receive Rs. 2,000 after 12 months. Which option would you choose?
There were four versions of the time tradeoff questions to which respondents were randomly assigned. Each version had five questions with of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1355770X17000018 different combinations of payments at different times. The implied personal discount rates (i.e., discount rates that would make the respondent indifferent between the options A and B) range from 0.8 to 10.0 per cent per month. The specific amounts and associated implied discount rates were developed through pre-testing with 250 households. The larger payments offered are significantly larger than typical monthly income. Hence, these are not trivial sums of money.
The SS options include immediate payments and payments in three months. The LL options include payments in five, 12 or 15 months. Through the series of five questions, we derive the upper and lower bounds of each respondent's personal discount rate (i.e., ρ High and ρ Low ). ρ High are missing for respondents who always choose SS, while ρ Low are missing for those who always choose LL. This approach to elicitation of discount rates has been frequently employed (Frederick et al., 2002) . Some respondents gave inconsistent responses, i.e., sometimes choosing responses that indicated a lower personal discount rate and sometimes choosing responses that indicated a higher discount rate. Following the literature (e.g., Pender, 1996; Bauer and Chytilová, 2009), we eliminated these inconsistent responses from the analysis. There were no statistically significant differences in means between the 8,297 respondents with consistent and the 1,908 respondents with inconsistent or missing responses across the variables used to model personal discount rates, except that a higher percentage of consistent respondents could do household accounts (i.e., there was a higher rate of numeracy among consistent respondents; see online appendix table A3).
Our sample and methods are similar to other studies of discount rates in India. Specifically, Pender (1996) estimated the discount rate of rural households in the state of Andhra Pradesh, using a small sample survey to elicit preferences over different SS vs. LL real rewards. He found the median annual discount rate to be higher than 50 per cent. Using a similar approach, Bauer et al. (2012) estimated a mean three-month discount rate of 21.6 per cent, based on a survey of 573 rural households in the state of Karnataka. Other studies have employed different methods to estimate the discount rates of the national or urban Indian population. Based on a review of the literature, Ekholm et al. (2010) extrapolated a discount rate of 62-74 per cent per year for households in rural India. Shanmugam (2006) used methods developed by Moore and Viscusi (1988) to estimate discount rates based on individual choices of jobs with different levels of risk. He estimated a discount rate of 7.6 per cent based on the observed occupational choices of 522 blue-collar workers in Madras. In comparison to these studies, we have a much larger sample, because our data were collected as part of a larger study on sanitation and water. That also precluded the use of real incentives, because of the difficulty and cost of establishing a credible system for delivering payments to thousands of rural households over a number of months. While willingness to pay estimates derived from hypothetical choices have found larger than actual payments across a wide range of environmental goods, there are fewer discrepancies in experiments involving private goods, non-students and choice-based elicitation mechanisms such as are used in this study (List and Gallet, 2001; Murphy et al., 2003) . In the domain of temporal choices, Johnson and Bickel (2002) found consistency in responses to time tradeoff (delay discounting) questions with hypothetical vs. real payments across a range of payment magnitudes.
Another aspect of our elicitation method is that the hypothetical payments are 'found money' rather than endowments (i.e., owned by respondents prior to the survey). Individuals may have more aversion to losing access to things they already have, compared to gaining things that they do not yet have or that belong to others (often called the 'house money' effect). Researchers have tested for this effect mostly in the context of public goods (e.g., Clark, 2002; Cherry et al., 2005; Epley et al., 2006; Jing and Cheo, 2013) . In the context of discounting, Morrison and Oxoby (2013) found that personal discount rates were higher for endowments compared to 'found money'.
Estimation
We model the discount rate using grouped maximum likelihood estimation (grouped MLE) with the INTREG procedure in STATA. Cameron and Huppert (1989) discuss the grouped MLE method in the context of nonmarket valuation surveys. An alternative approach is to estimate a binary choice model of each tradeoff question, rather than using just the bounds of each respondent's discount rate range. This would increase the number of observations five-fold, but would not make use of any additional information from the respondents.
Most of our respondents always chose SS (54.4 per cent) or LL (21.4 per cent) throughout the sequence, revealing the upper or lower bound on their discount rate, but not both (i.e., single-bounded discount rate ranges). Missing upper bounds (i.e., respondents who always chose SS) are treated as censored. Missing lower bounds (i.e., respondents who always choosing LL) were replaced with 0. Based on variation in respondent and household characteristics, we obtain an estimate of the personal discount rate ρ of all survey respondents, which is used to model environmental health behaviors.
The basic estimating equation for the discount rate is:
where ρ Low and ρ High are implied discount rates that comprise the lower and upper bound of each respondent's discount rate, and β ρ are the coefficients for characteristics Z ρ . The estimated discount rate ρ j is calculated asρ =β ρ · Z ρ, j , whereβ ρ is the estimated coefficient for Z ρ . We assume a standard normal distribution with a minimum discount rate of zero. Botelho et al. (2006) ; Olson and Bailey (1981) and Poulos and Whittington (2000) provide support for non-negative discounting in developing countries. We maximize the following log likelihood function: where j is an index of respondents, u and l are the upper and lower bounds, respectively, of the true discount rate, and σ is the standard deviation. Next, the estimated discount rate (ρ) is included as an explanatory variable in logit regressions on the probability that the household: (i) washes hands before eating and after defecation; (ii) treats drinking water using any method; (iii) owns a personal latrine; (iv) cooks with clean fuels such as LPG; and (v) owns a bednet.
where P j = 1 is the probability that the respondent chooses to adopt the environmental health behavior, and β 1 and β Y are coefficients for personal discount rates (ρ) and other determinants of behavior Z Y , respectively. Since the discount rate is estimated rather than observed, we estimate the standard errors of the regression coefficients in the health behavior models by bootstrapping the data set 500 times (Mooney and Duval, 1993) . That is, we build 500 data sets by randomly sampling observations in the original data set with replacement. Both stages (discount rate and health behavior) of the model are estimated for the original and bootstrapped data sets. We report the point estimates for each coefficient (β 0 , β 1 and β Y ) from the original (non-bootstrapped) data set, and use the 500 point estimates from the bootstrapped data sets to calculate standard errors. In table 2, we show the point estimate and the z-statistic (which is simply the ratio of the coefficient estimate and its standard error). Stars indicate statistical significance based on the critical values for the z-statistics.
In the online appendix, we re-estimate this model using a measure of time preferences rather than personal discount rates. Time preferences are estimated by modeling responses to the time tradeoff questions as a function of age and gender, including numeracy and district fixed effects to control for factors that may have influenced implementation or understanding of the questions. In online appendix table A4, we report estimation results for models of environmental health behaviors as functions of the estimated rate of time preference, with covariates including credit access and socioeconomic status (see table A4 ). This contrasts with the models presented in table 2, which include credit access and socio-economic status in both stages, allowing those variables to affect environmental health behaviors both directly and through the personal discount rate. The supplemental models in the online appendix serve as a test of whether responses to the time tradeoff questions include information about time preferences distinct from socio-economic status and credit constraints.
Results
Estimating personal discount rates
In table 1, we present the results of the first stage of our empirical approach -estimating personal discount rates as a function of exogenous factors Z ρ (equation (3)). Based on this model, the predicted monthly discount rate in our sample varies from 9.3 to 28.7 per cent, with a mean of 16.7 per cent per month. The distribution is bi-modal, with two peaks around 13 and 19 per cent. Although the estimated discount rates may appear too high in comparison to those in the developed countries, they are commensurate with the distribution of interest rates reported by respondents who can access formal credit. Of the respondents who could access any type of formal credit, half of them reported that they could obtain a loan with interest equal to or higher than 5 per cent per month. Respondents who believe that they cannot access formal credit (and therefore did not answer this question) would arguably have to pay even higher effective rates for informal credit (Barrett, 2007) . The relationships between discount rates revealed by the time tradeoff questions and sex, economic status (i.e., percent expenditures on staple food, household size and principal component of assets) and access to formal credit are consistent with the prior literature (see online appendix table A1). However, we do not find the expected U-shaped relationship with age. Square and cubic terms are omitted from the final specification because they were found to be statistically insignificant. We do find a weak correlation between responses to the time tradeoff questions and an interaction term of age and sex. The coefficients on age, sex and the interaction term are jointly significant (Prob > χ 2 (3) = 0.05). The ability to do household accounts, which proxies for numeracy, is not statistically significant in the model. The model also includes fixed effects for districts.
The link between discount rates and disease prevention
In table 2, we present the results of the second stage of our empirical approach -the relationships between estimated personal discount rates and the households' options for reducing environmental health burdens.
of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1355770X17000018 All environmental health behaviors are negatively correlated with the estimated discount rate, even after controlling for a suite of covariates. The estimated coefficients on the covariates generally have the expected signs. For example, literacy and years of formal education are positively related to the probability of engaging in all of these behaviors. Current disposable income (proxied by total household expenditure) is positively related to all behaviors, although the relationship is weak with handwashing, possibly because it requires the least cash outlay.
In the online appendix, we report estimation results using the rate of time preference, derived from modeling the responses to the time tradeoff questions as a function only of intrinsic personal characteristics, i.e., age and sex, and factors that may have influenced implementation of the survey, i.e., numeracy and district fixed effects, specifically excluding variables representing socio-economic status and access to credit. We do include socio-economic status and credit access in the second stage alongside this estimated rate of time preference. Qualitatively there are practically no differences from table 2 -most environmental health behaviors are also negatively correlated with time preferences. This provides some evidence that responses to the time tradeoff questions include information about how the respondents make temporal tradeoffs that are distinct from socio-economic status and credit constraints.
Discussion
Our study adds to a small but growing body of empirical literature from developing countries on the determinants of personal discount rates and their relationships with health behaviors. We find that discount rates are negatively related with a wide range of actions that households can take to prevent health problems, including point-of-use water treatment, handwashing, cooking with clean fuel, and ownership of household latrines and bednets (table 2) . This correlation between lower discount rates and greater household investment in behaviors that avert environmental health problems confirms the importance of testing policy alternatives such as credit and payment schemes (e.g., Pattanayak et al., 2006; Guiteras et al., 2016) . However, we find that discount rates are inversely related even with handwashing, which requires effort to establish the habit but little time or cash outlay. This finding, together with the statistical significance of time preferences in models of environmental health behaviors (see table A4 ), suggests that these relationships may reflect intrinsic preferences that will be difficult to influence with external interventions and policies.
Using the estimated coefficients and characteristics of the average respondent to calculate marginal effects, we find that a 10 percentage point decrease in the monthly discount rate (which is half a standard deviation decrease) is associated with increases in the probability of treating water by 2 per cent, washing hands by 6 per cent, having a latrine by 14 per cent, cooking with clean fuels by 23 per cent, and owning a bednet by 14 per cent. Although we do not interpret these as causal effects, it is worth noting that they are quite large relative to the frequency of these behaviors (table 2), as might be expected from a large (10 per cent) change in the discount rate.
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The estimated discount rates are higher than those typically used in costbenefit analysis in developing countries. For example, the Asian Development Bank follows convention among international development agencies in using an annual discount rate of 10-12 per cent for economic analyses of their development projects (ADB Economic and Development Resource Center, 1997). Kula (2004) estimates the Indian social discount rate at 5.2 per cent per year. However, personal discount rates are typically higher than social discount rates (Jha, 1998) . The discount rates revealed in our survey may also reflect the fact that most respondents have limited access to formal credit and therefore face very high effective interest rates for informal forms of credit. One caveat is that the discount rates revealed through the time tradeoff questions may be influenced by the 'found money' effect (Morrison and Oxoby, 2013) . In general, we suggest that discount rates elicited through survey methods are best viewed as coarse indicators that can help explain variation in behaviors across households, rather than precise estimates to perform net present value calculations.
To reduce concerns about model misspecification due to omitted variables, our analyses include key covariates such as concern about disease in the village, distances to nearest clinic and the village center, current economic conditions (measured by monthly expenditures and recent household crises), and proxies for household socio-economic status, including education and literacy as well as wealth, percentage of expenditures on staple food, and household size. Because our focus is on discount rates, we treat these covariates as controls and do not discuss their estimated coefficients in detail. In brief, many of these covariates have statistically significant effects, confirming that both human capital (knowledge and ability to access information) and income are important factors in the adoption of these environmental health behaviors (Pattanayak and Pfaff, 2009) .
In summary, we find that personal discount rates are lower for women, for better-off households, and for households that can access formal credit. In turn, lower discount rates are correlated with increased probabilities of adopting behaviors that reduce future harm from environmental risks, such as handwashing, water treatment, and the use of bednets, clean cooking fuels and individual household latrines. To our knowledge, this is the first empirical test of the relationship between personal discount rates and household adoption of environmental health technologies among the rural poor in developing countries. This is important because these behavioral choices are critical for health and development outcomes and, ultimately, escaping poverty (Pattanayak and Pfaff, 2009; Dasgupta, 2013) .
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